Energy efficient design: applicability of computer tools to simulate energy consumptions & thermal performances for Sri Lankan multistory buildings by Abeywickrama, H.W.D.P.
L&/.VO wfyfffO? f if fire* < £.:•£/, 
ENERGY EFFICIENT DESIGN; 
Appl icabi l i ty of c o m p u t e r tools to s imulate energy c o n s u m p t i o n s 
& T h e r m a l per formances for Sri L a n k a n Mul t i s tory Bui ld ings . 
The dissertation presented to the 
Faculty of Architecture of the 
University of Moratuwa, Sri Lanka 
For the final Examination in 
M.Sc (Architecture) 
And to the Royal Institute of 
British Architects 
For R I B . A (Part 11) Examination 
UBRART 




H.W.D. Presintha Abeywickrama 
Faculty of Architecture 
University of Moratuwa 
SRI Lanka 
30 t h June 2001. 
7 6 1 7 / 
3 lijl 
University of Moratuwa 
76177 
76177 
A B S T R A C T 
To achieve the energy efficiency goal, Architects 
and building designers require effective design tools for 
analyzing and understanding the complex behaviour of 
building energy use. With the advancement in computer 
technology, computer simulation and modeling has been 
widely used for providing accurate and detailed appraisal of 
building energy performance. 
DEROB-LTH is one of such computer simulation 
programme witch can be applied in the building process as a 
guide line for the Architects to create, energy efficient building 
and urban design. 
The research approach is used to illustrate 
specific details and applicability of DEROB - LTH, and how 
it is applied for thermal performance of a building. 
A C K N O L E D G E M E N T S 
I am deeply in debted to professor Nimal De silva, Head Dept. of 
Architecture, in the University of Moratuwa, for his inspiring guidance and 
encouragement, to complete this task successfully. 
Dr. Rohinton Emannuel lecturer, for his constructive criticism, 
encouragement and help in the development of this study and for guiding me 
to make this dissertation success. 
Dr. samitha Manawadu Archt. Gamini Wijesooriya, year masters for given 
their, thoughts & comments to enrich this study, 
Dr, L.S.R Perera, dissertation cordirator, for giving his thoughts and 
comments in initial stage. 
Special thanks to chief Archt S.E.C Mrs. I. De Silva. And Archt, Wasantha 
De Silva, Archt Jenendralal & Mr. Hasan, for giving help to success this 
dissertation. 
Dr. Attalage for giving comments & guidance. 
My grateful thanks to my beloved, Mother, Akka, & Sampath, given me all 
the courage, guidance and support to complete this project. 
Special thanks to Hiranthi Akka, Ayesha Akka, for giving me a help to 
success this project. 





C O N T E N T S . 
LIST OF ILLUSTRATIONS. 
• LIST OF PLATES 
• LIST OF FIGURES 
• LIST OF TABLES 
C H A P T E R O N E I N T R O D U C T I O N 
1.1 GENERAL INTRODUCTION 
" IMPORTANCE OF ENERGY EFFICIENT BUILDING & COMPUTER 1 -4 
SIMULATION IN EARLY DESIGN STAGE" 
1.2 OBJECTIVES 4 
1.3 LIMITATION 4 
1.4 METHOD OF STUDY 4-5 
CHAPTER TWO -BACKGROUND STUDIES 
INTRODUCTION 
2.1 THE BUILDING SKIN 7 
2.2 ELEMENTS OF EXTERNAL CLIMATE 
2.3 ELEMENTS OF INTERNAL CLIMATE 
2.4. DEFINITIONS 9-10 
2.4a RELATIVE HUMIDITY 
2.4b OPERATIVE TEMPERATURE 
2.5 APPRAISAL OF ENERGY EFFICIENT DESIGN 11-17 
WHAT IS ENERGY EFFICIENT DESIGN 
2.6 ENERGY SAVINGS IN BUILDINGS 18 
2.7 THERMAL COMFORT. 19 
2.8 STANDARD METHODS OF DEVELOPING THE COMFORT ZONE 20-21 
THERMAL COMFORT FOR SRI LANKA. 
2.8a SOME FACTORS THAT EFFECT THE THERMAL PERFORMANCE OF BUILDINGS 22-24 
2.9EARLIER THERMAL STUDIES 25 
CHAPTER THREE 
INTRODUCTION 26-39 
3.1 AN EXPLANATION ON COMPUTER SIMULATION 
3.2 PRINCIPLES OF SIMULATION. 
3.3 THE USES OF SIMULATION 
3. 4 PRE-DESIGN COMPUTER ANALYSIS TOOLS - INTERNATIONAL LEVEL 
3.4.a ENERGY- 10 
3.4 b D O E - 2 
3 . 4 C E S P - r 
3. 5 DEROB LTH 
PAGE 
C H A P T E R F O U R 
COMPUTER SIMUILATION FOR SRI LANKA MULTI STOREYBUILDINGS. 
4.1 BUILDING DETAILS 
4.2 METHODOLOGY OF COMPUTER SIMULATIONS 
4.3 THE RESEARCH PRROCEDURE 
40-58 
C H A P T E R F I V E 59-75 
RESULTS & ANALYSIS 
5.1. APPLICABILITY OF COMPUTER SIMULATION (BASED ON 4 DIFFERENT SITUATIONS) 
5.1 A COMPARISON ON MEASURED VALUES SIMULATED RESULTS 
CASE 1 CASE 2 CASE3 CASE4 
APPLICATIONS 
5.2 .a THERMAL PERFORMANCE ANALISIS BY THI DIFFERENCES. 
5.2 b THERMAL PERFORMANCE ANALYSIS WITHIN SAME ROOM WITH DIFFERANT 
SITUATIONS 
5.2 C THE ANALISIS OF THERMAL PERFORMANCES OF DIFFERENT ROOF TYPES 
C H A P T E R S I X 76-79 
6.1 CONCLUTION 
6.2 IMPLECATIONS 




LIST OF P L A T E S Page no. 
Plate 1 ,The basic model of CASE 1,2,3 47 
(Building type A) 
Plate 2, The basic model of CASE 4 51 
(Building type B) 
iii 
L I S T O F F I G U R E S P a g e n o . 
IV 
I 
Fig . 1 T h e P s y c h o m e t r i c C h a r t 10 
F ig . 2 E n e r g y c y c l e 12 
F ig . 3 I n t e r d e p e n d e n c e end u s e d & e m b o d i e d e n e r g y 12 
F i g 4 H u m a n s e t t l e m e n t s in m e s a V e r d e 13 
Fig . 5 T h e e v o l u t i o n o f s e t t l emen t fo rm 14 
Fig . 6 T h e h e i g h t o f t h e bu i ld f o r m a c c o r d i n g to the c l i m a t e 14 
F ig . 7 G D P e lec t r ic i ty r e l a t i onsh ip for Sri L a n k a 16 
"* Fig. 8 E n e r g y eff icient h igh r ise b u i l d i n g 17 
Fig . 9 D a y l ight d i s t r ibu t ion 2 8 
Fig . 10 Visua l c o m f o r t v isua l i m p a c t e v a l u a t i o n 2 9 
Fig . 11 (a ) Se lec t ed b u i l d i n g s o f the s imu la t i on 4 ! 
(b ) Se l ec t ed b u i l d i n g s t y p e A - E x a m i n a t i o n c e n t e r 41 
F i g 12 C r o s s sec t ion o f t h e r o o f 4 2 
F ig . 13 C r o s s sec t ion o f t h e f loor s lab 43 
Fig . 14 Se l ec t ed b u i l d i n g t y p e B - E x a m i n a t i o n c e n t e r 4 4 
Fig . 15 C r o s s sec t ion o f t h e r o o f s lab 4 5 
Fig . 16 Se l ec t ed b u i l d i n g t y p e B - 4 5 
Fig . 17 Sec t ion o f t h e c o m b i n e d L a y e r s 4 9 
Fig . 18 Spec i f ic a x i s in D E R O B - L T H 4 9 
F ig . 19 P o s i t i o n s o f d o o r s w i n d o w s in D E R O B - L T H 50 
*• F ig 2 0 B u i l d i n g sec t ion s h o w s different v o l u m e s 50 
F ig . 21 Sec t i on o f t h e r o o f de ta i l s 51 
F i g . 2 2 Spec i f ic t h i n g s in r o o f m o d e l i n g ( D E R O B - L T H ) 51 
F i g . 2 3 S i m u l a t e d & m e a s u r e d v a l u e s - C A S E 1 6 0 
F i g . 2 4 S i m u l a t e d & m e a s u r e d v a l u e s - C A S E 2 61 
F i g . 2 5 S i m u l a t e d & m e a s u r e d v a l u e s - C A S E 3 6 2 
F i g . 2 6 S i m u l a t e d & m e a s u r e d v a l u e s 63 
F i g . 2 7 C o m p a r i s o n b e t w e e n T H 1 , v a l u e & O T v a l u e 65 
F i g . 2 8 C o r r e c t e d b e t w e e n T H I , va lue & O T v a l u e 6 6 
F i g . 2 9 T H I d i f fe rence - C A S E 1 6 8 
F i g . 3 0 T H I d i f f e rence - C A S E 2 6 9 
F ig .3 1 T H I d i f fe rence - C A S E 3 70 
F i g 33 O T c h a r t s P . M . V . cha r t s 72 
> F i g . 3 2 O T v a l u e s di f ferent s i tua t ions 73 
F i g . 3 4 C o m p a r i s o n b e t w e e n O T v a l u e s o f d i f ferent r oo f ma te r i a l s 75 
L I S T O F T A B L E S P a g e no. 
V 
Table 1 Thermal properties of materials 46 
Table 2 All the research materials 48 
Table 3 (a) Combined layers 48 
(b) Climatic Data file, DEROB-LTH 52 
Table 4 Measured Internal Climatic date- CASE 1 53 
Table 5 Measured Internal Climatic date- CASE 2 54 
Table 6 Measured Internal Climatic date- CASE 3 54 
Table 7 Measured Internal Climatic date- CASE 4 55 
Table 8 (a) External Climatic Data 56 
(b) THI Differences 57 
Table 9 Surface temperature file DEROB - LTH 58 
